VESSEL CONTAI NI NG FLUI D DI STRI BUTI ON MEDI A CROSS- REFERENCE TO
RELATEDAPPLI CATI ON Thi s application clainms the benefit of U S. Provisional
Appl i cat iwo 2bim/098sun 152, 912 fil ed February 16, 2009. BACRGROSMNDOG23PHE

| NVENTI ON Thi s invention generally relates to a bed of randomy oriented
ceram c nedia used to inprove the distribution a fluid by redirecting the
fluid over an increasingly larger area as the fluid passes through the bed.
More particularly, this invention is directed to a bed topping nedia,

| ocated at one end of a chemical reactor's contai nment vessel, which

redi stributes a fl ui dVBYSEL @ONIWENING FEOP GRS ARIBUTHAN MBIPIA ncl ude material s
such as catalytically active material, adsorbents or activated carbon. One
exanpl e of a patent which discloses fluid distribution materials that may
be used to reduce maldistribution of a fluid in a chem cal reactor is US

6, 291, 603. SUMVARY Thi dlstribution of
an incomng fluid st re?%%ﬁgg%#%@éﬁibﬁé%@ A?;giigy or| ented ceramc
medi a by ingcorporating fluid diverting channels into the outer surfaces of

t he medi a. The chanpels are confi qured ture an then redirect a
e en o the f1 o B BoflateR S ek ot T apRERubt St T ons ¢ he

medi a may causel/te1blfddrebaialy w2@er pendi cul arly to the initial dlrection
of incomng fluid. In one enbodi nent, the present invention includes a

vessel conprising a fluid entry point and a bed. The bed conprises a first

| ayer conprising a pluralitygaokgrasiivbduataeinevertsodi sposed therein. At
|l east a majority of elenents in thefirst |ayer conprise randomy oriented

ceranic ned?a. The ceranic nedia conprise an outer surface with one or nore

fluid diverting chappehgedigh %Qraﬁl??él%bé‘to aHag opﬁgd&ﬁ@%n&%ﬂ)&k&%@ a second
| ayer conprising components Wherein the majority of the conponents are

physi cal | y di stmpdiepseflt@improne thedismbetiongdivad by redlrectmg the fluid over an

increasingly larger area as the fluid passes through the bed. More particularly,
this invention is directed to a bed topping media, located at one end of a chemical
15  reactor’s containment vessel, which redistributes a fluid over a layer of
components that may include materials such as catalytically active material,
adsorbents or activated carbon.
One example of a patent which discloses fluid distribution materials that
may be used to reduce maldistribution of a fluid in a chemical reactor is US

20 6,291,603.
SUMMARY

This invention provides for improved redistribution of an incoming fluid
25  stream disposed onto a bed of randomly oriented ceramic media by incorporating
fluid diverting channels into the outer surfaces of the media. The channels are
configured to capture and then redirect a portion of the fluid as it flows through
the bed. In some situations, the media may cause the fluid to flow perpendicularly
to the initial direction of incoming fluid.
30 In one embodiment, the present invention includes a vessel comprising a
fluid entry point and a bed. The bed comprises a first layer comprising a plurality

of individual elements disposed therein. At least a majority of elements in the
1



The first layer of the bed is positioned between the second | ayer and the
fluid entry point. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

Cr oss- secwbpaniad3sichem cal reactor that includes a ves®el/ustomiopzy74
invention; Fig. 2 is a perspective view of a first enbodinent of a ceramc
medi a useful in the first layer shown in Fig. 1; Fig. 3 is an end view of a
second enbodi nent of a ceram c nedia useful in the first |layer shown in
Fig. 1, Fig. 4 is a theoretical cross-sectional view of a fluid
distribution pattern; Fig. 5is a schematic drawing of a liquid

di stribution thstiyyg cdepicaandeingy orengdowemee dedigr Bm wefantihmedent r al ,
internediate a [ td ng..deyi in, Fig. 5; and
Flg 705 a or e Sheldlbons il hls bR NSO Bila Bt oD
DESCRI PTI ON Asthasad Thebed adso ¢dneripdrraaseontidhyentagirispgocompsieny vppar at us” 1 s

I nt ended tO_ det%glfnlabeit eq["ltbegge n?ptohen%u é:rg ﬁyssictaﬁln&i%fincl?%lrror?ﬁﬁesder (%nolgir)n% ita! on
chanbers, piping, e ¢ at"PETEl Ve oHE oF ST €9V aw FEY Y '8¢ and t hen
chem cal | y andfleffigygir ofdht Yedio putidmed bétwken e sccoiid mpsrané td flatdduct s t hat
are di scharged fromthe apparatus. The conversion may involve: a chem ca
reaction that WYYIP*Ps a catalyst to convert raw materials to an end
product; desorption or absorption; a physical change (e.g., liquid to gas)
to the raw material's state of matter an increase or decrease in

. and/ or
the tenperature of the r aftRHt BEPERIPTERN QIERIE DRAWEYGS or ¢ wi dely used in

chem cal manufacturing industries for a variety of purposes and are

consi dered tobe a subset of the phrase chem cal processing apparatus.
Chenical ré@ctors rig lddarEPnsestived dehemigalipicey tahicligeseyesiconl Bivocess
occurs. Chem cglediggct ors that generate an end product by providing a
vessel wth a reaction zone therein where two or nore reactants can
interact to producdiar iepgerppesdrrctiewrala rssembadanend el aicarzyiemedfa bed t oppi ng

material |ocat &Qflﬁqn tﬂ@ﬁrs?ﬁ%r%fw\;nbﬁl Fig. 1;
Iiig. 3 is an end view of a second embodiment of a ceramic media useful in
15  the first layer shown in Fig. 1;
Iiig. 4 is a theoretical cross-sectional view of a fluid distribution pattern;
Ifig. 5 is a schematic drawing of a liquid distribution testing device;
IFig. 6 shows a diagram of the central, intermediate and outer regions of
the testing device shown in Fig. 5; and

20 Iiig. 7 is a graph of pressure drop versus mass velocity.
DETAILED DESCRIPTION

As used herein, the phrase “chemical processing apparatus” is intended to
25  describe equipment, such as tanks, burners, combustion chambers, piping, etc.,
that receives one or more raw materials and then chemically and/or physically
converts it to one or more end products that are discharged from the apparatus.
The conversion may involve: a chemical reaction that utilizes a catalyst to convert
raw materials to an end product; desorption or absorption; a physical change (e.g.,
30  liquid to gas) to the raw material’s state of matter; and/or an increase or decrease
in the temperature of the raw material. Chemical reactors are widely used in

chemical manufacturing industries for a variety of purposes and are considered to
2



reaction zone and a | ayer of bed support material |ocated at the opposite
end of the reaction zone. Exanples of commercially avail able bed topping
mat er i al sworrelodesscer ami ¢ spheres and reti cul at ed foansPCOUS2610/023970Nn Of
the bed topping material is to accept an incomng fluid that is di sposed
onto a fixed area of the |ayer of bed topping material and then redirect
the fluid over a |arger area as the fluid passes through and exits the bed
topping layer. The incomng fluid may be di sposed onto the bed topping

| ayer via a nmechani cal device commonly known as a distributor which may

i ncl ude one orbawyubsat o thk pkrascihemdakprpéebunrppamips b€hdeisdnedstods hey ei n as a
"fluid entry point" . m ofluld ent olnt" may al so describe a

si ngl e pipe ofggﬂ% %$§9§P§$%@E%Fgﬁ%&%§§$ﬂ¥§85‘%@ ?Vely or individually

di spose one or nor & Helhidatigagnts oha henebdant apg pravlget beypeovididsa vdseeliwidom ng
fluid contacts th%.bed Hggghﬂgm{the fluid inherentl ns .an incgning

| r for
fluid distribud B8R BPLIEIH AT THY M TG %%%t%ngs ‘iaﬁé“%%“éfq%?"fj%cﬁ&nﬁa mat eri al ,
the fluid ifnhepeaid yhaf akornchidé b hgbr dflbad chpding hfatddiat locatedrabvhesrd. of Bed t oppi ng
made of ceranmi c spheres are kno to provide. for nodest .redi stri bution of
fho i ncont na FaTRREHR e Trboh g el M reLbetafi ryorkenaatde  he

redi stributi onreb@iod gosh TREMSIchaScoidberi@BMnvaRald BRdopphighataidlyinclo@d t oppi ng
made of reticulated cerami ¢ foamnpmay include a plurality of web nenbers

whi ch define f{ESWpIREEGEMAIFSCHNFSG TGSt A BBragh of teghed (9rRing metdidheh nenber s

subdi vi de the jsReRE:MEN flcbinthgl MEOMHA iPlMpAbA bao @Tix&IBd &Tihd layirGr 58 eans
whi ch then flow through the reactor. Wi le subdivision of a |arger single

stream i nt 60 naipPidgrapicer! agd theg pedingghhgduid Qg ddtreeriagie a8 HiedUihepsssr i al

processes, | at@rbn hLRALSE il tPPin@fay@r. fhdlindoQME T &Y §2ifPeshu dngy ger than
the incomng fluid distribution pattérn may be necessary 1f the operation

of the cheni calhe petioripg Bepeidsmagionica deviae ooy BoUsasdi BHRbURIt i on of one
or nore flui dswhﬁﬁn‘ig Fc e BRVH L Rork NE /86 2 D@ Suri Or Iﬁg}?a e&é@&iﬂeﬁﬂ&‘@{gl y to Fig.

1, there is shown a tross-sectional viewof a c reactor 10 that
i ncl udes a vessel “fluRl engyrpeoinginildalerai“iuidi epury peind’4nayaah ddicsibhasigelepi pi ng 16.

o1 sl U B RN, BTl BRSBTS
a catal yti cal | fluidcorty thetved ®ippide prysi. tAsdhomtaning fluid contacts the bed topping,
the fluid inherently forms an incoming fluid distribution pattern. As the fluid exits
the bed of topping material, the fluid inherently forms a final fluid distribution
pattern. Bed topping made of ceramic spheres are known to provide for a modest
20 redistribution of the incoming fluid but the ongoing need to substantially increase
the redistribution using spheres has not been realized. Similarly, bed topping
made of reticulated ceramic foam may include a plurality of web members which
define flow passageways through the ceramic material. The web members
subdivide the incoming fluid into a plurality of smaller fluid streams which then
25  flow through the reactor. While subdivision of a larger single stream into many
smaller streams may be adequate for some industrial processes, lateral
redistribution of a fluid over an area much larger than the incoming fluid
distribution pattern may be necessary if the operation of the chemical reactor
depends upon a broad homogenous distribution of one or more fluids.
30 Referring now to the drawings and more particularly to Fig. 1, there is

shown a cross-sectional view of a chemical reactor 10 that includes a vessel 12, a
3



the surface of a ceramc pellet, and a third | ayer 28 of bed support nedia
30. As used herein, the ceramc nedia in the first |layer are considered to
be physi caibl2g10di9s84iinct from t he conponents in the secona@Clragesiviog3svhe
ceram c nedia have fluid diverting channels and the conponents do not have
fluid diverting channels. Furthernore, first layer 20 may include el ements
that are not randomy oriented ceram c nedia provided at |least the majority
of elements in the first layer are randonly oriented ceram c nedia.
Preferably, all of the elenments in the first |layer are ceram c nedia that
have fluid di v@ﬁctliamigaldl'tsaﬂwedrsl‘li amddtSphﬂrgﬁtleﬁing her Ehavessi hausesrd yed 18he cerami ¢

conponents t ha&latl sal%r%ttﬂasrelsfd: dofY i (f%sgﬂalmcdl%%/cﬁégz Qeedohy! d di verting

channel s in the ou sur us -are nct fromnedia in the first
| ayer. Howeverlaydrizd oadmnpunalge% bt inbludesiara@hyticOly acéye Ibfaalrdeacbsntz@ohtof at

| east the majo seco ayer ents, ar e hys I__Aly di stinct
fromthe cer an”tililc yﬁaﬁe O%a A EHE pgl?ert 'S z%}rélrlayeﬁeger rﬁdﬁﬁppé)étar}q%&{ %OC t he

second | ayes nmyd aéisia, mecdem(crmdalwnalﬁa firtkdayee aetcomidezaaine be BediciBy has a known
hei ght and the firs er OCCUIe han..20% of .t he bed' s hei ght. The
Cocond Tayer  ndy EEUBIRHSPRORE Bos ORIIHE Ot RS TR TG Sed.  he
third | ayer COﬁlb@fub@cHaﬁﬁHléiﬁﬁdhéMdrﬂpoﬁerﬁﬁdcﬁﬁiﬂhinﬁécfmﬁ(ﬁdivéiﬁﬂg?@iahndlé'le second

| ayer. A suitable comrerci al Iz avaj | abl e bed su%port medi a, identified by
the tradenark GBPEEEe-frstlaver 20 may wglude Plegaisia ¢ ey b snldot St ow,

Chio, USA. Fi gceraarmgh&@iacp'i&ﬁde@ apﬁﬁﬁﬁ@:%djéﬁﬁy\éf E¥n&its BNk ﬁl@hﬁﬁlﬂrﬁﬁnt of ceramc
media 22 that would be suitable for use in first |layer 20 of vessel 12 as

shown in Fily. mndoppy oferipdieerair fgdia- Ereé%?hlbwélroérhe\ﬁéﬂmenmn thg firjtlayer end 34, a

second end 36, y@RdahRUbedid Hhihafl Hﬁﬁhlv@ﬂmg Q%ﬂ@lh ﬁlcgl%oraﬂaq thétgnand 44 that
extend fromthe first end to the second hi's enbodi ment, the four

fluid divertinyneladnned erdeg compracss at @mﬁg@e @éé@qoeﬁwerseﬁ@@bdevm will be
shown in Fig. §fﬂuﬁci‘§i ?ﬂg?%nﬂécls e &Ré}ggﬁ%c% aiub e A e*shﬁ’crt%m fRENING 46,

which is an optiona ure of a sult e ned a, Ines an I nternal
passageway t hrbedst tayer. dbgicacratd advag@gexat drigmvéntiomntayde féatised iad t ot he

s econd end 15 The, g E%Efa’j(lnrﬁt% pEme g&og&({aséres%%%ﬁagﬁen% a?ée‘ﬁﬂ(}?lcéﬁ Jﬁ%{lcpﬁ | tered

ignificantly wt uencing the ‘pertformanc | verting
C hannel s. the ceramic media in the first layer. Referring again to Fig. 1, the second layer

may also be described as the reaction zone. Bed 18 has a known height and the
first layer occupies less than 20% of the bed’s height. The second layer may
occupy more than 50% of the bed’s height. If desired, the third layer could be
20  replaced with a screen located beneath the second layer. A suitable commercially
available bed support media, identified by the trademark deltaP™, is available
from Saint-Gobain NorPro of Stow, Ohio, USA.
Iiig. 2 discloses a perspective view of one embodiment of ceramic media
22 that would be suitable for use in first layer 20 of vessel 12 as shown in Fig. 1.
25  The media includes a peripheral wall 32, a first end 34, a second end 36, and four
fluid diverting channels 38, 40, 42 and 44 that extend from the first end to the
second end. In this embodiment, the four fluid diverting channels have the same
cross-sectional shape. As will be shown in Fig. 3, the shapes of the channels may
be altered. Opening 46, which is an optional feature of a suitable media, defines

30  aninternal passageway through the media and also extends from the first end to



Shown in Fig. 3 is an end view of another enbodi nent of a suitable nedia 48
for use in first layer 20. As illustrated in Fig. 3, the cross-sectional
shape of wbeofdogssdidi verti ng channels may be nodified proviusedooks®7€hannel
effectively captures and diverts a portion of the fluid that contacts the
peri pheral surface of the nmedia (see arrow 50) and then flows over the
peripheral wall's curvilinear surface into one or nore of the fluid

di verting channels (see arrows 52 and 54) wherein at |east a portion of the
fluid is redirected to an end of the nedia. Fluid that inpacts the

peri pheral wal the stcond pal Bandiapabiae amhegglseence plepetihghe manboalgmdl t hr ough a
fluid divertin . . . i i | fluid s
flow i defi notharar mbl Rl e B AR T Thd Rlele iy ) G
random y oriented riidivaihBigi Hg ableed Vibwiodl amdithee embodjmeitan aehisibitesslia bed
herein will ca a fluid flow 1 hrough t.h dia to be rapidly diverted
ne much as 90 Forafib bl anet AR bR EET TRGH e h& PR ER PLY, “rie

di ver si on ogcuths flo@pkaiet] hadelstohs Helnwidificdgindadidsheadtdnidhefiecexdély s a fir st

nedi a, then contacts d exits .a second dia, then coptacts and exits a
third media,  eteURIEHEN O SPGHGR SHAS L SPcbdh PREEHAHRERD  or med 1 n
the outer surf@®eedia@sdda88wis0) mdMRSSRIwsasesthOpipheraFvgl’s durdiidear he nedi a
formthe first |ayer which is positioned between the fluid's gort of entry

and the secondUidyenodinc OpRpETlMics Ul fixrrtiphehanpelt doasiZigd ehannel s in

the ceram ¢ nMegh@ecia QPR ah6ribR ofht ARIiSRANSHIRIOUS edd ik dédpemaiqon
passageways through the first layer. A fluid dispersion passageway i ncl udes

two or noré0 ch@AHBIActS B Reephersl walh algyPerrspdicwaiingles Benlghs Wi @R t he f1 ui d

flows after |e@ayiuddatif dinethafidl ierdSnlebRrind Akt &Ghd fislglhe second
layer. If fluid flows through a fluid diverting channel in a first nedia

and then fl owsflewripdiinedhoeinap honzgnigllyilivelpeed i hanwalityjohraadealyond nedi a,
then the flui doﬁ%teﬁ%%ﬁaqﬁ%g tﬁe%%@éﬁ%&ih%&%ﬁnél?&é%&%d Fedel Uil Fhsgper si on
passageway. The direction that the flul OWs 1's not inportant provided
the fluid fl owduiflflowingtthroogigthe tiediafté bestapidhydverghds mhdrastherdasicod | ayer. In
o g%"‘{‘ hfe' i Prl?lg“'gﬁ%lrl ,d{rgcﬁi;(\ﬁ% ‘ég the ALAMRSW FRURERid Gl Wpdad iy L @Wpdaunwar dl'y
contacts and then exits a first media, then contacts and exits a second media, then
contacts and exits a third media, etc.
When media that have fluid diverting channels formed in the outer surface
are used in a vessel as shown in Fig. 1 and the media form the first layer which is
20  positioned between the fluid’s port of entry and the second layer of components,
then the fluid diverting channels in the ceramic media cooperate to establish
numerous fluid dispersion passageways through the first layer. A fluid dispersion
passageway includes two or more channels formed in two or more media through
which the fluid flows after leaving the port of entry and prior to contacting the
25  second layer. If fluid flows through a fluid diverting channel in a first media and
then flows through another fluid diverting channel in a second media, then the
fluid is considered to have flowed through a fluid dispersion passageway. The
direction that the fluid flows is not important provided the fluid flows first
through the first layer and then the second layer. In a down flow chemical

30  reactor, gravity causes the fluid to flow downwardly from the distributor, through

the first layer and then the second layer. In an upflow chemical reactor, the
5



the first layer and then the second layer. In an upflow chem cal reactor,
thefluid s entry point is | ocated near the bottom of the vessel and the
first | aywo 20m/d988#at ed bel ow t he second | ayer. A punp ofPCTiuseéianzidavi ce is
used to force fluid upwardly through the first |layer and then the second

| ayer. As shown in Fig. 4, a theoretical cross-sectional view of a fluid
distribution pattern created by a fluid as it flows through a plurality of
medi a may resenble a cone shaped zone (see arrows 56 and 58) wherein the
top of the cone 60 is the point at which the fluid 62 contacts the top
surface of theflyrddicatrapantihbciyod t@anthofbotidre ot bnecsd apd theHestgaetier n cr eat ed

by the fluid al%ceit%]d §4 he LASHE A Erﬁ’”}\ﬁflmh%fsi%'ﬂ%{{?e'vlc%k’s Rba B R gy ihe media’ s
fluid diverting channel s may sinmultaneously achieve two objectives. First,
the fluid fl owipvgrdlfoogh thd@sniagr and ten tdisecond kgerover a wi der and wi der

area as the fluid p&stss%lgsntmhﬁigyépgtﬁe%reetigﬁ%ro%—sec 19r|1a€fl' ieTho? agﬂpdjnt of horizontal
di spl acenent per uni of " Ver'ei Al Travel may be asured and used to

cal cul at e as nedkw@btxes pacdérh utedied b b flutluk i Fowanigbeghwhplehlilyf detliameg as t he
angl e between a |line, suc ag Iige 66 mhiéh(g§$iges.t e center of the cone
in Fig. 4, and“tHect c¥Eshanst ganedicerfiee ohdn ) MaprEdanioad &3908‘?‘? ow 56. A
llarge fluid diediiHepoima: wiigh @e 1S1CA? @8adb dRop AP of thémpdieherihed to a
small fluid distribution ang#ghzsuch as 10 or less. In addition to having a

large fluid di Qemidhainai nadaimerepiediby e id 8 S erts i s annel s

i ncor por at ed t{nepRirdliPEMARLATEO HShiX’ sRIuRVdi A8t ADIha RIDENAMEI Lk sislyl but i on of
the fluid within the cone shaped di spersion zone. Achieving both honogenous

di stributiéh ofchiervevp decHYe- tihe thoHad hyinedhwpeicthe igdia 1y wiigreted ui d

di stribution angl g iRy RewREeher AkhEnti@ pASl E¥bAtmebiNGmAid afhge
di stribution angle and non- honbgenous distribution wthin the cone or a

homogenous di stmiusiel korzoitalisplacerecnt prramneind vertiearir el fiay bel méisyrediapdit i on
Pl o d ravel o TR S R PR il iR AR O LRl BB i e
char act eri st i cangbfbetwen pdide.auch dydinmetivhich defings thediewter ¢fithgecanhankiel s, and t he
o L1 9, e g LS OARRSONETN) el W ELAIBHLY, | corer
i mpact hor i zondistkibution angle, such as 15° or larger, is preferred to a small fluid distribution
angle, such as 10° or less. In addition to having a large fluid distribution angle,
media with fluid distribution channels incorporated therein advantageously
provide for homogenous distribution of the fluid within the cone shaped
20  dispersion zone. Achieving both homogenous distribution of fluid within the cone
shaped zone and a large fluid distribution angle may be preferable to achieving
either a large distribution angle and non-homogenous distribution within the cone
or a homogenous distribution within the cone and a small fluid distribution angle.
To effectively divert a fluid into a wider and wider pattern as the fluid
25  travels through a plurality of media, parameters such as physical characteristics
of the media; the media’s fluid diverting channels, and the plurality of media may
be modified independently or, preferably, in concert with one another.
Characteristics of the channel that may be modified to impact horizontal
displacement of the fluid include the width of the channel, the depth of the

30  channel, the length of the channel and the cross-sectional shape of the channel.

Similarly, characteristics of the media that may be modified to impact horizontal
6



di spl acenent of the fluid include the wdth of the channel, the depth of
the channel, the |l ength of the channel and the cross-sectional shape of the
channel . 80reniozn9Bgal characteristics of the nedia that negThsS20m002397€d to

i npact horizontal di spl acenent of the fluid include: the rotational angle
bet ween the centerline of the channels; and the ratio of the nedia's

maxi mum di anmeter to its length. One characteristic of the bed that may be
nodi fied to inpact horizontal displacenent of the fluid is the depth of the
bed. Wth regard to the channels, a fluid diverting channel nay be
configured to dkplawmsom teffluhacifeite roatesd khgle atvemn thheneHanwél and t hen
inhibit the es ) orti. . . i.d f h anne

it D the T ooE8RRadl: 3hy khr%ggég%&t“ﬁee&‘tédﬁ%ﬁWg%lﬁ”g?‘g%%&%ﬁta i e o
dept h of channélara@ristiv dFitlge. bed thas map pe oedified el iynpdd Hoviontahdisptaceinenm di anet er
Drax of the ne -tﬁéﬂl-lli g?stgggé:&lgff&élg\e% channel may be between 15% and 25% of

the media's neXifunt diane annel s havi ng dept hs between 10% and 45% of

t he medi a' ss maxi nurwih ssgeides tarciarfnelsd ihie divEihg chansiehs Helahfiate defi ned by
opposing walls that are bstanti al | aral lel w one. anot her, such as
CPeoval s "t hat bt ane AR B R0t SR i e Bep BB SSibelr i ned by
measuring the giiskansedes \Reiui®ppashdchawad Lisil 42 fandudvls thidugombr ast to
channel s that have substantjally parallel walls, a channel, such as channel

76, may be destighedia gerad el Gnmgdar Aanderisol gl 68 ites 1t he size of the

channel s Open&pésgoxnﬁﬂayqh%rmg{esn&xmﬂamidm@{et@@mgmf%%a@dl%eaépﬁlmitﬂéh of the
opening is the distance between opposi ng Eortlons of the overhang, see

over hang pd? t i granedoayfebgyeen k5% prd Dfaiias mgdiagmexingn dgeesrin width from

the top of thecehanogividLadpe bRl PP hind 1, 6AR0 BRka’ st&IndB GiaMeft h of the
channel is defined as the wi dth between opposing walls at one-half the

depth of the ctrafmeble. Beehpingls Us arcatirs|bydmposterols 961 aresamtelialt hat
per form adequal sl IRX oA Bufr JRRLA uleQyiths Ml ol L RurREI MR wha of- O and

3.0:1.0. Chan s that have a depth to w ratio | ess an 1.2:1.0 may be
t oo shal | ow t othe ehamingl 1§ dlagérahiried by heaghiap thel dist@oa hetebe appasingealtsoi?m

adequatel y , may, iaye 2. GAGtNeda@ndd Hhhal@ldQaRENY S5 E whnf A naet

such as channel 76, may be designed to have an overhang 78 which reduces the
size of the channel’s opening. For channels that include an overhang, the width of
the opening is the distance between opposing portions of the overhang, see
overhang portions 80 and 82. If the channel gradually tapers in width from the

20 top of the channel to the bottom of the channel, then the width of the channel is
defined as the width between opposing walls at one-half the depth of the channel.
See Fig. 3, channel 84, arrow 86. Channels that perform adequately may have a
depth to width ratio between 1.2:1.0 and 3.0:1.0. Channels that have a depth to
width ratio less than 1.2:1.0 may be too shallow to retain fluid in the channel.

25  Channels that perform adequately may have a length to width ratio between 2:1
and 20:1.

As indicated above, one characteristic of the media that has an impact on
the fluid distribution capability of the media is the rotational angle between the
channels. The rotational angle is defined as the angle formed by the intersection

30 88 of centerline 90 in channel 68 and centerline 92 in adjacent channel 70. As

shown in Fig. 3, the channels may be positioned 90° from one another so that the
7



As indicated above, one characteristic of the nmedia that has an inpact on
the fluid distribution capability of the nedia is the rotational angle

bet ween tweo 2otvznssgis. The rotational angle is defined agcCrhis2@ngki®74 or med
by the intersection 88 of centerline 90 in channel 68 and centerline 92 in
adj acent channel 70. As shown in Fig. 3, the channels may be positioned 90
fromone another so that thenedia has four channels. While a m ni num of
three equally spaced channel s nay be workable, four equally spaced channels
are preferred. Media having either five or six equally spaced channels are
feasi bl e. As shodimhisrfo ahan@ls. Wialeoroggwae i brealeqeispeacod clmaeds mannel in
one nedi a may icn. Fi sectiona
shape of the c %%ﬁ% éégoesqﬁgwgﬁeg%cﬁ%n%£8¥ﬁghggﬁb edﬁig%@%eﬁ%gﬁﬁel

Furt hernore, add suOEfquEllheSpHMIChannﬂlsarel fags@le. oAs shednan Hug Ilculhe aesd to be

! de.”t' C.al ; Ano%egte(gna a e?f%aghr %C Ii{nsotnle%letdﬂar%ayrga%he same tH%r ederta% | mprove the
fluid distribution o aver CEeram cC P W AVesse Vs he ratio of

t he medi a' ss | eshgtvh i Bigi 3 shechrméc&fonalwhzimmf ihe ciafiR edesher ﬁﬂeﬂ t@se thbe L: D
ratio, and may range fromo0.5:1.0 to 2.5:1.0. ]f. t e rati o | | ess than
0.5:1, the medi®§* &?ﬁﬁacﬁ g‘}‘?‘an"tlop‘b‘ﬂ}eé‘ﬂ?revﬁ”t%%‘f%ﬁe 8n‘di‘§ pet pett ‘Eﬁh%: ? 5% to the

fl ow of the fladed oV igbhaglversely inpacts the channels' ability to disperse
the fluid in a horizontal direction. |If the nedia's Iength t o di aneter

ratio is greater tHHWUET Biediagharaqigristic dat may b alicgpdde iprsarhedlyidt end t o

ori ent per pendiigHb@ldnyor b @yt b\ Brahfic MbBBa tH 4 RGel RMhOfatib Bemé Rletiaal fluid flow
whi ch could unduly increase the pressure drop within the bed. If the

pressure didp Wngthihitt Hangeewhish ielsbiayd sssppadhah Riptepndmag 1¢gel then t he

reactor must bﬁmﬁ@%ﬁl@Rﬂﬂs1VVEhhé§£§%Qe&Qm&hﬂf@Qﬁ@%&&éhﬁﬁm&iu&ﬂﬁnped that
may be altered to achi eve adequate distribution of many fluids, the average

bed depth shouwvih the cads neamadicylinie thei ffppsoltthellvid ngioh adversoheinipedi Be | n sone
applications thg,ayeh nﬁt@%ﬁ Q@e‘)&lg‘ﬂﬁfﬂn Qﬁoﬁ}og}'afﬁééctl&p Ifﬁlgng%dltﬁ!e I engt h of

the nedia. If the mni dept Is too s ra will have
little influenkcegthty ditieetdiratio istgeaien thap .5t h@ thd wastdnaj@ety afinedipwdiya t hat i s

useful in 35 VeRRE éo 0 fenttljyrpsenjiigl\l/lgﬁ} Iie%?l\/e {orlﬁé éﬁgelcﬁ(gn (gf}lﬁe initial fluid flow

which could unduly increase the pressure drop within the bed. If the pressure
drop within the bed increases beyond an acceptable level then the reactor must be
shut down.
With regard to characteristics of the bed that may be altered to achieve
20  adequate distribution of many fluids, the average bed depth should be at least five
times the length of the media. In some applications the average bed depth may be
at least 10 times the length of the media. If the minimum bed depth is too
shallow, the media will have little influence on the distribution of the fluid.
Ceramic media that is useful in a vessel of this invention, including the
25  ceramic media shown in Fig.s 2 and 3, may be formed from any ceramic material
that provides sufficient strength for the media and is compatible with the fluids to
be used. For example, materials such natural or synthetic clays, feldspars, zeolites,
cordierites, aluminas, zirconia, silica or mixtures of these may be used. Clays are
generically mixed oxides of alumina and silica and include materials such as
30  kaolin, ball clay, fire clay, china clay, and the like. Suitable clays are high

plasticity clays, such as ball clay and fire clay. The clay may have a methylene
8



ceramic nedia shown in Fig.s 2 and 3, nmay be fornmed fromany ceramc
material that provides sufficient strength for the nedia and is conpatible
wi th the woundw9ssaibe used. For exanple, materials suchPoatuseeio/0e3974
synthetic clays, feldspars, zeolites, cordierites, alumnas, zirconia,
silica or mxtures of these may be used. C ays are generically m xed oxides
of alumna and silica and include materials such as kaolin, ball clay, fire
clay, china clay, and the like. Suitable clays are high plasticity clays,
such as ball clay and fire clay. The clay may have a net hyl enebl ue i ndex,
("MBI"), of abdu¢inddx,{('MBB), wEeor0D! grh3 mMdgel0p gnmilhe¢ wind Siolispdrs‘iisusgded herei n

to describe si ér&ﬁ‘Eoec?esé’r[be%hHE@eJ‘Sf arkifla %ﬂ?@(?d&&gottfsﬁQn@ﬂ@ e bhffl, Qther

conponents suc , Zlrcon sand y, nontnorillonite,
nephel i ne syemdnqaonamdsutlnes duakie, zoraom ahé,cfelb@apmcecs@ntnonmnannMe anounts of the
other ceram c [ofjing &9”%8%1“15@ ABLET 1'3ea'r§se£'1£%{i’n§r% ft‘he ofjoduce the
ceramc bed to Bl ng Iamay “be supplte I'ne Porh4Rd may be

made into assh&mmblf@nmﬁgﬁompendmys t he addi t| on of vvater and/or processi ng
ai ds, such as bondldgﬁ ag g g >fltru5|o aj ds, tLBI cants, nd t e like to
assi st in the extruSfERHItGEEEs eﬁ*ﬁ@ P ?8“813‘& 4 [9PPIHS &g, &fna@’ ng sever al
di fferent techqipgliRiSn figelbw@s f@Mlantl $ia® Be @ladPIn@SSihAGeabRi nigtud by tAE €SSi Ng
techni ques to achieve the desired shape. For exanple, an injtial extrusion

process may be addigion Shardep i dAPr IR Mget e trah &wogfhng Be4ke CHTPRB SN of

extrusion i nt obR@neesidrRdilead gdshisin Medukibh Blocélk YIHaGniR®Ye g beised to drive
off water. This may av0|d di sg@gtlng the relatively weak structure of the

greenwar e ahd PraSeStsd veige pevetrl Tegt CHENERS ABAAS CIPEON CAREFSSIPHUHe
embodi ment, beg,9 ?r 9%&30&9@:@ s AR ITRY tht 8&diredl Hap@BRWLxathphOYH, fhritial NE bodi es may

t hen be processeée enperatures, for exanple, a maxi mum tenperature
of from 11000@@1@8192319@965 njapi b frdlosiet bribyreng perpandicalasto thodipodn eind i n

anot her enbodi (&AL, AREME adral ¥temb % d'rlﬂftm é}gfﬁg%ga‘gc?@%%étw e dypically has

| ess than 1.5% appar ent por05|ty, in on ment ess than 0. 7%
appar ent por oswatyr Thi@\nmy@wmdtlhelppog tsirelytivelywdak supctyro Oétblelgteell‘ﬁ@f@f or sone

appl i cati ons. re'cQ ?%Wa%%%g aﬁouq‘%!o%lea%ﬁ”& ont QSR AG 5. on the

conposition of
about 70°C and may last for about 5 hours. The bodles may then be processed at

high temperatures, for example, a maximum temperature of from 1100°C to
1400°C, in one embodiment, at least 1200°C, and in another embodiment, about
1250°C, to form a dense body that typically has less than 1.5% apparent porosity,
20  and in one embodiment, less than 0.7% apparent porosity. However, the porosity
may be up to about 15% for some applications. The firing temperature may
depend, to some degree, on the composition of the elements, and in general, may
be sufficient for the bulk of the material to achieve a low porosity. This is in
contrast to reticulated ceramic bodies that typically have up to 30-80% apparent
25  porosity or intra-material voids, and which thus may be unsuited to capturing fluid
in a fluid diverting channel rather than allowing the fluid to pass through the
media’s intra-material voids.
The ceramic media may be fabricated from a mixture of clays and
feldspars and other minor ingredients to form a resultant body that is comprised
30  mainly of silicon oxide and aluminum oxide (an aluminosilicate). For example,

the mixture used to form the elements may comprise at least about 90% of
9



be sufficient for the bulk of the material to achieve a |ow porosity. This
is in contrast to reticulated ceramc bodies that typically have up to

30- 80% apwanreniopsamosi ty or intra-material voids, and wrCthuskéws2ivay be
unsuited to capturing fluid in a fluid diverting channel rather than
allowing the fluid to pass through the nedia's intra-material voids. The
ceram c nedia may be fabricated froma m xture of clays and fel dspars and
other mnor ingredients to forma resultant body that is conprised nainly
of silicon oxide and al um num oxide (an alum nosilicate). For exanple, the
m xture used terénor forfreg iegredrents sndhy baanep(lysiealbtupl te alyut A@fouet 90% of cer ami ¢
form ng i ngred] (1ypi . Wo 1099 of
processi ng ai dérg Helg %@ﬁﬂgé}%@%&%ﬁ% %gffeg%}l%#aggﬁ%@n%w i%se 20- 99%

al um num oxi dealamothufr 8@BbHanil Di8OGsildcon deide. THe pprcossegsiidsgnayitddarpey be | argel y

volatilized during. firing.. The. dry ingredient be .t hor I m xed
bef ore wat er i‘é()l%gﬁ%%dl?rﬁl%glﬁlng'nggen%{rysuﬁﬁ? |1%n|tserﬁ%yslﬁegtg éérﬁ% l%mﬁﬁig%‘%‘lﬂg%ur e to be
shaped i nt 05 t headeis added if o am@mdsufiiciée t@dnable Mgt mikairenotidrshapgd it ihag.

Ceneral ly, the anmopunt of water added e from12 to 30 m for every 100
om0t the' i xt ey OTFadReTe (e NSRBI D iRoAME: A dhen be
mol ded, or extgddd@chay Be fromMm 80 Ghe fir gy stp@e obet atiguiche dshape is fired in

a kiln to a maxi numtenperature of from 11000C to 14000C, The tenperature
in the kiln nmaifsidiepciisabangable mixtprgcan Gen Bengideh osextudesedrm heand t he

dwel | tine at diReLhfd BHGY (HeRRRRN ALK e MY B8 hdx@in dnhethnltt 5f bef ore the
kiln is allowed to cool to anbient tenperatures. Were ceramc nedia are

produced by? anfeRtl1UECdn 1H10°G. Hieyeppayuiedy ths ke gwy be ingepsedaha ige an

essential |y unpdQrdDsero8oifCilidhe &ANhONeB%ilin .efn?glta.ﬂ:u%Mech provi des
an axis of symetry for the elenment. To evaluate the fluid di'stribution

char act eri st i ciowfl teli pfschebmi¢ the&dn tsplpivadtorpedl ta ampisal iberaiutehe nmedi a shown
in Fig. 2, the |iquyfedighhichiddLRe bOFldeRdy 98 ERioR AP My Beflng: > was
constructed and op?rvaet:red as W :la n%%v Eee egcr%tgﬁl.o Tﬁe rt)}eﬂg% Sorllgvi ce included
a vertically oproenss deyandhivaalkssehtally bapead qretsapaiionglonabhe 40 t hat was open

on both ends apd LA froP0ids f adlB'sPnddy 1P LREARAL 3 di stributor

To evaluate the fluid distribution characteristics of different bed topping
media, including the media shown in Fig. 2, the liquid distribution testing device
shown in Fig. 5 was constructed and operated as will now be described. The test
device included a vertically oriented and tubularly shaped retaining wall 100 that

20 was open on both ends and housed a bed of media 102, a mechanical distributor
104 located above the bed, a first divider ring 106 and a second divider ring 108,
both rings located below the bed and concentrically aligned with the center of the
vessel, and a plurality of fluid collection bins 110, 112, 114, 116 and 118 located
beneath the rings. Iig. 6 is a top view of the testing device. The rings were

25  carefully positioned so that the first divider ring defined the central region 120,
the second divider ring and the first divider ring cooperated to define the
boundaries of the intermediate region 122, and the second divider ring and the
retaining wall defined the boundaries of the outer region 124. Fach of the regions
occupied one-third of the bed’s surface area. A sufficient quantity of the media

30  shown in Fig. 2 were made by forming a mixture of clay, feldspars, and organic

extrusion aids comprising about 25 weight percent alumina, 68 weight percent
10



104 | ocated above the bed, a first divider ring 106 and a second di vi der
ring 108, both rings | ocated bel ow the bed and concentrically aligned with
t he cent ewoabioidesssvessel, and a plurality of fluid coll ecriuseolbionzy7410,
112, 114, 116 and 118 | ocated beneath the rings. Fig. 6 is a top view of
the testing device. The rings were carefully positioned so that the first
divider ring defined the central region 120, the second divider ring and
the first divider ring cooperated to define the boundaries of the
internedi ate region 122, and the second divider ring and the retaining wall
defined the boﬂh@aﬂﬁ@swmﬂmnﬁewdumemwﬁegAawﬁkm4ﬁﬂEathmiwmheﬂu@@ions

occupi ed One'tt'ﬂkolrug}ﬁgle Qe%u&%ﬂ dntégﬁgtgq aaﬁé?ﬁ?eﬁ%?a tefpatil fufid §1‘ ‘g)p}oxﬂﬁ@f ty of the

medi a shown in a mx el dspars,
and organic ex1200§@ mfoandsccxanmmedlm@habmmati@ﬁtaaebegmb)pkeacbegm al um na, 68

wei ght percent Wﬂ W t |on of the
m xt ure was ex té’d)f erné%déahm%tge Sl C% 1fxf’)ne |n o rgﬁ(g%ﬁ& %and fired at a

t emper at ur es of coﬁhptﬁﬁt@%pth&f el ym]aﬁ@ﬁ:@t@d bmtofpmf m\xhﬂaenase BEipbe sereeh 26 withe

eval uation tes an by |oadin Iurallt medig in thetestlng
Govi co. | The: metHECSRar BEHaPTe S (B HEE AP UHBHAY SINEY SHTAGE r oot g on
top of a wre aesbustipploddd c@ﬁﬁeeeiﬂpqga@ MR tahd, deﬁhoﬂednscgu&raedeigaped openi ngs

that were approximately 5 mm Iy 5 nm . The distributor included connector
pi pi ng 128 andhorigenialasiy 13G sgelge. o5 Which gveg; yrtrehigrhe ampeniorRimge 130, see Fig.

6, which were aﬁﬂ(‘r%ﬂ@ diQribl&] SN MRCLAEr MoRIF M (dsdi8e ankled E}ﬁb@bfit}y{e di stributed
fromthe center 109 of the testi n%%dew ce. Each o? the eight horizontal

arnms i ncl uded ¢ishtdergmepigdnaaded tipeerepipe b thereky respltige trbat Qlalef 24

openi ngs, Whi ¢y YREG U Whi @MUY ufRAGELpal-ARDnk BR A0 Ah@RMcddARghd oned as
nozzl es. Sixteen of § he 24 openi ngs 'were positioned above the central

regi on. Ei ght ®fzzlehéiaenepdniigsempssevqporisttiopeetboabdy eentéregivner nedi at e
region. None Olfi L u@pgniy @%ggs"\%rg DOGInkd a0Rd th%qg&éﬁnetdﬁ %ﬁ?ﬁ rNbREion. The

di aneter of each opening 1 ppr oxi nmat el to measuring the
anount of wat ethe bpepmgs weegpiitipedyl abnveathdomthleﬁeby Bleﬁtcearmtm aigadhhe fluid

0 L1 but 90, PahaLTe Me SRR AL U bpAraRte Dbl o0 DY
of media for afipw hxeanmregioyl ahdhibetepy detamiiaiag the fluid distribution pattern, the
media was allowed to become fully wetted by allowing water to flow through the
distributor and onto the top of the bed of media for approximately thirty minutes
without capturing and measuring the quantity of water as it flowed from the bed.
20  After the media has been wetted, the fluid was allowed to flow onto the media bed
at the rate of 18.9 /min (5 gallons per minute). The average flow rate of water
through each nozzle was approximately (.79 I/min (0.208 gallons per minute). As
described above, when the water contacted the individual members of the bed of
media the water flowed over a wider and wider area as the water was diverted by
25  the media’s fluid distribution channels. After the water exited the bed of media
and flowed through the wire mesh screen, the water was collected in a series of
circular troughs 134, 136 and 138 which corresponded with the central region,
intermediate region and outer region, respectively. The quantity of liquid in each

trough was measured and the weight percentage of liquid in each trough was then

30  calculated.
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Wi t hout capturing and neasuring the quantity of water as it flowed fromthe
bed. After the nmedia has been wetted, the fluid was allowed to fl ow onto

t he nedi awbedioam3gsme rate of 18.9 1/mn (5 gallons per RCHAS)10/073984 aver age
flowrate of water through each nozzle was approximately 0.79 1/mn (0.208
gallons per mnute). As described above, when the water contacted the

i ndi vidual nmenbers of the bed of nmedia the water flowed over a w der and

wi der area as the water was diverted by the nedia's fluid distribution
channels. After the water exited the bed of nmedia and fl owed through the
wire nesh screen, the tutinedewaslesubiedosdwvanusad servialgiedle fiiid cul ar  troughs
134, 136 and 1a’>§nm O GRLLETRONISH bl i o ERAL Bl L5Fl0 MreglulhET o0l L &
regi on and out er in each
trough was rreamanedlaahdm ineﬁgv@; dht t»pneccammralgléy @fallhblqnmdiam: oeamtwntyr ough was
t hen cal cul at ﬂTrrll%S stl alc}ewS ce enslcrcierl%%dclga OVE, }l,lengd to %val uate the
fluid distributi® charac erlls P & oM PWS el e P ar y aval 1'abt'e bed

t oppi ng neds a @m;dmb bellsmeelccanséromily availkblgfrod.Saihit€iobai Nogioar Sibal OW, avai | abl e
medi a are conmmp wn as 19 nm Pent nd 19 ceram ¢ balls. Both
The Bent ar § ngst o THe PR R Sot o ra: Gy S TP AE P om

Sai nt - Gobai n Nekdditde 4 FaKinOvhee Gkt HalSAcenlaBy Bestdkibn@a fidé equaly afic&d Medi a,

whi ch when vi ewed from one end, resenble a wagon wheel that has a centrally

| ocat ed hub anﬂ’ok‘?sx)’@l@w‘éqnﬁﬁadé%]é(cfgﬁn d5aRR Y dprrieherghtadind by sefkat 486 £ rom t he
hub to a peri pRen adfind@ivk wiahBlaBPkEs @@ﬁngﬁhﬂouﬁe&b Penchrint@nddid. angul arly
e

shaped openi ngs through the Pentaring nedia Pentarings were 10 mmin
hei ght and!49 Fepfarinedyveisdf apm indieéghh 2aqdh] Smam)ie digogier-oWpozindn tAe duant i ti es of

water, neasureggg aﬁé%&ﬂdﬁmu‘i’@@b?@at@i ARG rddnk Rl WRHH fidkod ih@ligy medi ate and
outer regions when each of the bed toppings éescrlbed above were eval uat ed.
The per cent agecedbyli mtarpedie paketerremonsuenn adhed thefbediepeings deserifedlowed i nt o
the central a“%oob@%{e%‘éﬁhﬂ&ﬁ ThEFLL0R %esﬁ Dfbeiwteh é]tﬁ%%t ¢ n@galtérhe ri ght

side of the tabl Table 1 The data ¢l ear y shows t a wth the
fluid diverti n@atd}mﬁemtg the central and intermediate regions is shown in the column on

15 the right side of the table.

Table 1
Central | Intermediate | Outer | Percent Deviation
Region Region Region | Between Central
kg/min kg/min kg/min | and Intermediate
19 mm Pentarings 9.5 10.9 2.0 14.7
19 mm ceramic balls 8.0 11.0 1.6 37.5
Media shown in Lig. 2 8.1 7.4 2.5 8.6

The data clearly shows that the media with the fluid diverting channels
incorporated in the outer surface of the media provided more lateral distribution of
20  the water than either the Pentarings or ceramic balls because the percent deviation
between the central region and intermediate region for the media shown in Fig. 2
was 8.6% while the percent deviation between the central region and intermediate
region for the Pentarings and ceramic balls was 14.7% and 37.5%, respectively.
The data supports the conclusion that the media with the fluid distribution
25  channels provided greater horizontal displacement than either of the other bed

topping media when evaluated at the same bed depth. Media suitable for use in a

12



incorporated in the outer surface of the nedia provided nore |ateral
distribution of the water than either the Pentarings or ceramc balls
because tWeo 2pmvmssit devi ati on between the central regi orCan$2omwerdned at e
region for the media shown in Fig. 2 was 8.6% while the percent deviation
between the central region and internediate region for the Pentarings and
ceramc balls was 14. 7% and 37.5% respectively. The data supports the
conclusion that the media with the fluid distribution channels provided
greater horizontal displacenent than either of the other bed topping nedia
when eval uat edveasel Dﬁ@issla\rmti@e@vglém than M2 difswéinca béteednohe diseibimnavessel of
this invention_hav i bution in
the testing del\rllpget, stin g ¥1E@?Qen?rallr%%%ﬁjh%; iR 1§£ﬁ§edl?a% Iye\'gl%g t }élt%r?eéﬂﬂ? ttﬂ

Pref erably, t héifdichdear Eﬂs:than s()%ess t han 10% I n addl tion to providing

| ateral redistribution udas asses thro the first

| ayer, the ceramc b a%idlgorll it ptr%wdl?% trﬁlr%ff/sgrrlbuluﬁ ef@n Ias tlil| #%gé)tasse% he pressure
drop acr osss t héardugh thedlratiayee teaetangc pedis slithe ficht DPerd ciedSHly ambeed; i t hout a

first layer of bed toppin r, ceramic nedia with di stribution
channel &7 ncor BRI i1 Eh e JH BT G B aearyd BB e | eoe
increase in pressdye@ odb@Popiad) Howdves tethidicafiedidwaith AG0SIsEitvtiof 19 mm cerami ¢
spheres or 19 nm Pentarings. Shown in Fig. 7 is a graph of pressure drop

versus mass veferd Syln?‘B'P"r&té‘li Wﬁo‘gﬁ}féﬁé@ adl’-"“é%'ﬁgé?‘ish’égo‘é% CHHECTEEF dhvi ¢ nedi a

shown in Fig. gresshictRopl@fh 4 BRI BSEMS cdRB AR anPbtRRRA NG €Y alnvat i ng only
spheres. Simlarly, lines 140 and 142 represent data obtai ned when

eval uat i ng 1on| Yenbaies r$heys inkig: 1 et SehPeessishdiop ¥eIsHdipss Veogiydor 2,

respectively. Jé'i‘sﬁnlg('isjllﬁl{%'fbsslhb%&% ssanw{’l?e &ongk Hﬁhﬁ@h&xﬂﬁhfﬂ%’ es$ieq 3dr op )
i Nncreases nost rapi he spheres and | east rapi for the ceramc

media with fl ulieﬁfeéﬁn@tt ¢ daga pltmn%\alrrﬁméwglwiumgtonb/ S@hﬁfé‘?r %mrlﬁrbt dnesTiHE
conbi nati on of S
ar{d%ﬁé‘fré Y&LM dh&‘é‘!};i%ﬁg %dﬁél‘?e&ﬁlﬂﬂn r A 5?1 E‘QJ@Q ENEAN

hori zontal distribution of It pas est ed of ceramc
medi a may be d@bﬁneamownomﬁlga@treapmswﬁkys Theeraphsuppputst the cowlusfonghatheni cal

SR TP RGBS 8Ly BN T e
and to those ceramic media with fluid distribution channels in the outer surface. The

combination of relatively low pressure drop and broad, homogeneous horizontal

distribution of a fluid as it passes through a bed of ceramic media may be

desirable characteristics for the operation of a chemical reactor.

20 The above description is considered that of particular embodiments only.

Modifications of the invention will occur to those skilled in the art and to those

who make or use the invention. Therefore, it is understood that the embodiments

shown in the drawings and described above are merely for illustrative purposes

and are not intended to limit the scope of the invention, which is defined by the

25  following claims as interpreted according to the principles of patent law.
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who neke or use the invention. Therefore, it is understood that the

enbodi nents shown in the drawi ngs and descri bed above are nerely for

i Il ustratwoeompnmpsises and are not intended to |imt thePSTae010/02397€
invention, which is defined by the following clains as interpreted
according to the principles of patent |aw. CLAIMS What is clained is: 1. A
vessel, conprising: a fluid entry point; and a bed, said bed conprising a
first layer conprising a plurality of individual elenents disposed therein,
wherein at least a mpgjority of elements in the first |ayer conprise
randomy oriented ceram c nedia, said ceramic nmedia conprising an outer
surface with one or nore fluid divert%ﬂgnggannels formed therein;, a second
| ayer conprising conmponents wherein the najority of the conponents are
physically distinct fromthe ceram c nedia; and wherein the first |ayer of
the bed is posyti . bat.ween the second layer and the fluid entr oi nt.
2. The vessgl g%hgpggﬁ$%l§ﬁerein only said Zeranic nmedia in said ?i?st

| ayer conpriseb arvesel eemmisimzgaz Buidiehtny péiot; endh hedr saidipdechapnehsa fiot med
therein. 3. The yessel of. claim erein said first laver's media conprise
afirst end, a <SSR ﬁléméﬁ&i“sr%{ij%gﬁfl%ﬁv %ﬁ‘“%he\?eglretnutsr%sp8sr?8ﬁeé‘f% Wt

t her ebet ween. 4. aillasst ¥ espeity afelaheaistin thevih@ n@iencoamgirde fandahlyloaiyeed s nmedi a

h i i pheral wal | extending bet i ds. and said fluid
Grveor ting channePaupBieR: RIS sERMsREIPr i DS Re DuEeer of ol ai m

4, wherein the pefdrghedalvemak kchaatlk neded ereidisé’ofd MR daHipridthgnet er and t he
depth of said fluid diverting channel exceeds 10 percent of the nedia s
maxi mum di amet er SOBPORPRS Whgkstidhe gipiogiy Al hesconprpgns e PRSICHILYIHINSE each f1 ui d

di verting channekrogXa€edsmit MmdARF SRNYhAin tHREiraRAeRoShdRx ifpeRbnaaret er . 7. The
vessel of claim5, wherein the depth of each fluid diverting channel does

not exceed 40 pePe@sen B secard lpyiagd dedbd sitpnPaithnet er. 8. The vessel of
claim6, wherein the depth of each fluid diverting channel does not exceed

25 percent of the nedia's maxi num di aneter.
2. The vessel of claim 1 wherein only said ceramic media in said first layer

comprises an outer surface with fluid diverting channels formed therein.

3. The vessel of claim 1 wherein said first layer’s media comprise a first end, a

second end and said fluid diverting channels extend therebetween.

4. The vessel of claim 2 wherein said first layer’s media each comprise a
peripheral wall extending between said ends and said fluid diverting channels

formed in said peripheral wall.
5. The vessel of claim 4, wherein the peripheral wall defines the media’s
maximum diameter and the depth of said fluid diverting channel exceeds 10

percent of the media’s maximum diameter.

6. The vessel of claim 5, wherein the depth of each fluid diverting channel

exceeds 15 percent of the media’s maximum diameter.
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9. The vessel of claim1l wherein each fluid diverting channel has a |l ength
and a width and the ratio of the channel's length to width exceeds 2 :1 and
does not wecewd92911. 10. The vessel of claim 1l whereinrPeaals261i0023d74

di verting channel has a depth and a width and the ratio of the channel's
depth to width exceeds 1.2: 1.0 and does not exceed 3.0:1.0. 11. The vessel
of claim1 wherein the magjority of said nedia have a |length and a
cross-sectional dianeter and the nmedia's length to dianeter rati o exceeds

0.5:1.0 and does not exceed 2.5:1.0. 12. The vessel

of claim1 wherein said

bed defines a bed depth and said first |ayer occupies |ess than 20 percent

of said bed deptye 3 ¢ JNGai S5 Shbre fth&éle%'tﬂ‘af &ﬂﬂlﬁhl@eﬁlﬂ hQlgbly of said

medi a have substantially the sane |ength an

mnlrru pth of said

first layer is anofcageed 48 peicaof heezdar's mpramugaliamaedi a' s | ength. 15. The
vessel of claim1l wherein said second | ayer's conponents conprise a
material selected fromthe group consisting of: a catalytically active

met al , adsor bedit ‘She veagbolt damsy, ehemmdhadephedteathr fhnd figertinedizandnldes i | trat i on

nedi a.

not exceed 25 percent of the media’s maximum diameter.

9. The vessel of claim 1 wherein each fluid diverting channel has a length and a

width and the ratio of the channel’s length to width exceeds 2:1 and does not

exceed 20:1.

10. The vessel of claim 1 wherein each fluid diverting channel has a depth and a

width and the ratio of the channel’s depth to width exceeds 1.2:1.0 and does

not exceed 3.0:1.0.

11. The vessel of claim 1 wherein the majority of said media have a length and a

cross-sectional diameter and the media’s length to diameter ratio exceeds

0.5:1.0 and does not exceed 2.5:1.0.

12. The vessel of claim 1 wherein said bed defines a bed depth and said first layer

occupies less than 20 percent of said bed depth.

13. The vessel of claim 1 wherein the majority of said media have substantially

the same length and the minimum depth of said first layer is at least 5 times

greater than said media’s length.

15. The vessel of claim 1 wherein said second layer’s components comprise a

material selected from the group consisting of: a catalytically active metal,

adsorbents, mass transfer media, heat transfer media and filtration media.
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